ABBREVIATIONS ACoA = anterior communicating artery; COICA = chronically occluded internal carotid artery; DSA = digital subtraction angiogram; EC-IC = extracranialintracranial; ECA = external carotid artery; MAP = mean arterial pressure; MCA = middle cerebral artery; SBP = systolic blood pressure. OBJECTIVE The overall risk of ischemic stroke from a chronically occluded internal carotid artery (COICA) is around 5%-7% per year despite receiving the best available medical therapy. Here, authors propose a radiographic classification of COICA that can be used as a guide to determine the technical success and safety of endovascular recanalization for symptomatic COICA and to assess the changes in systemic blood pressure following successful revascularization. METHODS The radiographic images of 100 consecutive subjects with COICA were analyzed. A new classification of COICA was proposed based on the morphology, location of occlusion, and presence or absence of reconstitution of the distal ICA. The classification was used to predict successful revascularization in 32 symptomatic COICAs in 31 patients, five of whom were female (5/31 [16.13%]). Patients were included in the study if they had a COICA with ischemic symptoms refractory to medical therapy. Carotid artery occlusion was defined as 100% cross-sectional occlusion of the vessel lumen as documented on CTA or MRA and confirmed by digital subtraction angiography. RESULTS Four types (A-D) of radiographic COICA were identified. Types A and B were more amenable to safe revascularization than types C and D. Recanalization was successful at a rate of 68.75% (22/ . None of these complications led to permanent morbidity or death. Twenty (64.52%) of 31 subjects had improvement in their symptoms at the 2-6 months' follow-up. A statistically significant decrease in systolic blood pressure (SBP) was noted in 17/21 (80.95%) patients who had successful revascularization, which persisted on follow-up (p = 0.0001). The remaining 10 subjects in whom revascularization failed had no significant changes in SBP (p = 0.73). CONCLUSIONS The pilot study suggested that our proposed classification of COICA may be useful as an adjunctive guide to determine the technical feasibility and safety of revascularization for symptomatic COICA using endovascular
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schemIc stroke is the fifth leading cause of disability and death in the United States. 17 The overall risk of stroke from a chronically occluded internal carotid artery (COICA) is around 5%-7% per year despite receiving the best available medical therapy. 9, 14, 15 This has been theoretically attributed to ipsilateral compromised cerebral perfusion.
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The management of chronic or subacute ICA occlusions has been clinically challenging. Carotid endarterectomy and superficial temporal artery-middle cerebral artery (MCA) bypass have been studied in high-risk stroke patients with results showing no to minimal benefits in symptomatic patients with COICA. 6, 8 Consequently, some centers have employed angioplasty and stenting for the management of these challenging lesions. 4, [9] [10] [11] 13, 18, 20 The main concern with the endovascular treatment of COICA is the significant risk of perioperative complications such as distal embolization, vessel perforation, pseudoaneurysm formation, vessel dissection, fistula formation, and hyperperfusion syndrome. 11, 19 In this report, we propose a new COICA classification that could offer interventionalists guidance on the technical feasibility and safety of endovascular recanalization for symptomatic COICA. We then assess the success of this classification in predicting the potential efficacy of endovascular recanalization for symptomatic COICA in a pilot study and evaluate the changes in pre-and postprocedural systolic blood pressure (SBP).
Methods

Classification of Carotid Artery Occlusion
We analyzed the radiographic images for 100 consecutive subjects with a diagnosis of COICA in the interval of 2009-2017 at the University of Iowa Hospitals and Clinics (Table 1) . Initial diagnosis of the occluded cervical ICA along with an assessment of collateral filling was reported by a member of the neuroradiology team based on MRA and/or CTA. Then, expert endovascular neurosurgeons from four different institutions used the morphology and location of the occlusion, as well as the presence or absence of reconstitution of the distal ICA on digital subtraction angiogram (DSA), to stratify this cohort into 4 categories. The rationale for this classification was to determine whether it could predict which COICA patient would be a viable candidate for the revascularization procedure using endovascular techniques.
For the type A category (Figs. 1A and 2A-C), occlusion of the cervical ICA is tapered with proximal ICA lumen patency. In addition, the cavernous and/or petrous segments are reconstituted by collateral vessels from the external carotid artery (ECA) and/or retrograde filling from the supraclinoid segment.
For type B (Figs. 1B and 2D-F), occlusion of the cervical ICA is not tapered; instead, a stump is present and the immediate proximal portion of the cervical ICA lumen is patent. In addition, the cavernous and/or petrous segments are reconstituted by collateral vessels from the ECA and/ or retrograde filling from the supraclinoid segment.
For type C (Figs. 1C and 3A-C), occlusion of the cervical ICA is at the common carotid artery bifurcation (the cervical ICA appears completely amputated at the bifurcation), and no ICA lumen is observed. The common carotid artery continues as the ECA. However, the cavernous and/or petrous segment is reconstituted by either collateral vessels from the ECA and/or retrograde filling from the supraclinoid segment.
Type D (Figs. 1D and 3D-F) is the same as type C, except that there is no reconstitution of the cavernous and/ or petrous segments.
We then assessed whether our proposed classification could predict the technical feasibility and safety of endovascular revascularization for symptomatic COICA.
Study Population
Using this classification, we conducted a pilot study in which we treated 31 patients for their symptomatic COICAs in the interval of 2016-2017. Institutional Review Board approval was obtained. Subjects were included in techniques. Additionally, successful revascularization may lead to a significant decrease in SBP postprocedure. A Phase 2b trial in larger cohorts to assess the efficacy of endovascular revascularization using our COICA classification is warranted. 
General Description of the Endovascular Procedure
The procedure is performed under monitored anesthesia care to allow for immediate neurological assessment, communication between the surgeon and the patient, and more hemodynamic stability.
A thorough and complete six-vessel diagnostic angiogram is obtained to completely characterize the occlusion and the presence of collaterals. Once a perfusion defect of the affected hemisphere is documented, we proceed with reconstruction of the ICA. A long 8-Fr sheath (Terumo Interventional Systems) is used to access the femoral artery. A 6-Fr shuttle catheter (Cook Medical) is navigated to the distal portion of the common carotid artery. A 5-Fr Berenstein catheter (Boston Scientific) is then used to coaxially access the site of occlusion through the long 6-Fr shuttle catheter. The 5-Fr Berenstein catheter is preferred because angulation of the distal tip allows direct catheterization of the occlusion (types C and D) with either the exchange Synchro soft microwire (Stryker Neurovascular) or the exchange 038 Glidewire (Terumo Interventional Systems). Moreover, the long sheath and 5-Fr Berenstein catheter provide support to cross the occlusion. We then probe the interface of the occlusion using the microwire. In type A occlusions, we aim for the most tapered portion of the occlusion. In types B and C, we explore the entire surface in an attempt to find a weak spot to cross the occlusion. If unsuccessful, we use an exchange 035 or 038 Glidewire to perform the same maneuvers. In some instances, when the occlusion is calcified and difficult to cross, we use the back end of the Glidewire. Once we cross the proximal occlusion, the microcatheter/catheter is advanced until we reach the patent lumen of the ICA. Once it is confirmed, the exchange Glidewire is removed and an exchange microwire is advanced through the 5-Fr Berenstein catheter. The distal tip of the exchange microwire is positioned in the distal MCA vessel. We then use the microwire as a railroad for delivering different devices to reconstruct the occluded segment from distal to proximal.
A distal protection device is used unless it cannot be delivered beyond the occlusion because of technical difficulties or if the occlusion extends beyond the petrous segment of the ICA. The carotid reconstruction is performed from distal to proximal, with coronary stents distally (Rebel, Boston Scientific; Vision, Abbott Vascular) and carotid stents proximally (Acculink and Xcat, Abbott Vascular), in a telescoped fashion until normal flow is encountered.
Occasionally, a balloon angioplasty is performed distally, specifically in the petrous/cavernous segment if we cannot deliver the coronary stent to this segment given the presence of tortuosity. The diameter of the stents can range from 3 to 4 mm distally and 4-5 mm proximally. If a balloon angioplasty is performed, we use a diameter of 3 mm distally and 4 mm proximally. Blood pressure is managed rigorously during and after the procedure to minimize the chances of reperfusion hemorrhage. All patients in the pilot study were hypertensive at baseline, and a mean arterial pressure (MAP) ≥ 100 mm Hg was present before and was maintained during the procedure. Once revascularization was successful, strict control of blood pressure was enforced to lower MAP to ≤ 80 mm Hg.
Measurements of SBP
All subjects had SBP measured using a cuff pressure device during the initial clinic visit (baseline) and followup visits. Intraoperatively, an arterial line was placed for strict blood pressure monitoring.
Statistical Analysis
Statistical analysis and the graphic display of data were performed using GraphPad software (version 7.03 for Windows, GraphPad Software Corp.). To confirm the statistical difference between 2 groups, we used a paired t-test when the data were normally distributed. In all analyses, a p value < 0.05 was considered to indicate a significant difference.
Results
In our analysis of the radiographic images for 100 consecutive subjects with a diagnosis of COICA, we found type A represented 29/100 (29%) COICAs; type B, 28/100 (28%); type C, 33/100 (33%); and type D, 10/100 (10%; Table 1 ).
In the pilot study, 31 patients, five (16.12%) of whom were female, had 32 symptomatic COICAs and underwent endovascular recanalization and stent deployment across the occluded section of the vessel. Baseline characteristics of the study population and clinical outcomes are summarized in Tables 2 and 3 . The mean age was 65.77 years (range 49-84 years). The mean (± standard deviation) follow-up among the 31 patients since diagnosis of the ICA occlusion was 13.70 ± 3.77 months (median 11 months, range 7 days-4.5 years). Among the revascularized group, the mean follow-up was 15.10 months and the median was 12 months (range 7 days-4.5 years). Sixteen subjects had only right ICA occlusion, 14 had only left ICA occlusion, and one subject had bilateral ICA occlusion.
Procedure Outcomes
Recanalization was successful in 68.75% (22/32) of symptomatic COICAs. Among type A, 8/8 (100%) COICAs were successfully revascularized ( Fig. 2A-C) . Among type B, 8/8 had successful revascularization (Fig.  2D-F) . As for types C and D, the success rate was 50.00% (4/8) and 25.00% (2/8), respectively (Fig. 3) . The perioperative complication rate was 18.75% (6/32), and 4 of the cases were transient (Tables 2 and 3 Twenty (64.52%) of 31 patients had subjectively reported improvement in their neurological symptoms at the 2-6 months' follow-up (Tables 2 and 3) . Overall, 3 patients (9.68%; 2 with type C and 1 with type D) had a TIA/stroke in ≤ 30 days postprocedure, 2 cases of which were permanent stroke (cases 1 and 2) and 1 of which was a TIA (case 5). All 3 events were immediate postoperative complications. Four patients (12.90%; 3 with type D, 1 with type C) had a TIA/stroke after 30 days postprocedure; however, none of these four patients had a successful revascularization. Hence, the rate of TIA/stroke more than 30 days after the procedure was 4/10 (40.00%) in the cohort in which revascularization had failed. None of the revascularized patients suffered any ischemic events at follow-up; however, the short follow-up duration does not allow for a true statistical comparison.
Changes in Systemic SBP
Seventeen (80.95%) of the 21 subjects with successful revascularization (one subject had successful bilateral COICA revascularization) had a significant decrease in SBP in the postoperative setting that was maintained at follow-up (baseline 141 ± 9 mm Hg vs follow-up 123 ± 8 mm Hg, 95% CI -25.57 to -10.42 mm Hg, p = 0.0001; Fig. 4A-B) . Four subjects who continued to have elevated SBP following revascularization required strict control of their SBP (SBP < 120 mm Hg after procedure) and went on to develop minor hemorrhagic transformation within the first 24 hours postprocedure (1 with type B, 3 with type C). All subjects (10/10) with failed revascularization had no significant changes in SBP (baseline 137 ± 6 mm Hg vs follow-up 135 ± 11 mm Hg, 95% CI -14.92 to 10.9 mm Hg, p = 0.73; Fig. 4C-D) . No significant changes were noted between the two groups at baseline (successful vs failed revascularization).
Discussion
Several reports in the literature have documented the feasibility and safety of endovascular revascularization for COICA. 2, 4, 5, [8] [9] [10] [11] 13, 16, 19, 21, 22 In this report, we sought to introduce a radiographic classification of COICA that could be applied to predict the success of revascularization for COICA using endovascular techniques. This classification is based on the radiographic review of 100 consecutive cases of COICA. In addition, we assessed this classification in a four-institution pilot study in which 31 patients with 32 medically refractory COICAs were treated with endovascular revascularization. Our results are in line with those in previously published reports, which show that it is feasible and safe to revascularize medically refractory COICAs using current endovascular techniques. 4,8-11, 13,19 . Furthermore, of the 10 patients in whom revascularization was not possible, 4 (40%) suffered an ischemic event at follow-up, more than 30 days after the procedure. In addition, it appears that successful revascularization may ultimately lead to correction of SBP that decreases following the surgery.
Although the majority (74%-94%) of subjects suffering from COICA are asymptomatic, the remaining patients (6%-26%) are at risk for ipsilateral ischemic stroke symptoms mainly due to impaired hemodynamics or embolization from the stump of the ICA via ECA collaterals. 1, 10, 11 Despite the fact that numerous treatment options exist for acute ICA occlusions (carotid thrombo-endarterectomy, recombinant tissue plasminogen activator chemical thrombolysis, and endovascular carotid stenting), 3, 7 there are limited data on endovascular interventions for subacute to symptomatic COICA. In this setting, treatment options have been limited to extracranial-intracranial (EC-IC) bypass surgery and, rarely, endovascular ICA recanalization with angioplasty and stenting. 6, 8 EC-IC bypass surgery may improve cerebral blood flow in COICA patients, but it does not translate into a reduced risk of ischemic stroke. 9 Superficial temporal artery-MCA bypass, in particular, has been shown to decrease the subcortical low-intensity changes noted on cerebral imaging in the setting of cerebral ischemia. 12 It has also been associated with an improved NIH Stroke Scale score and a high patient personal satisfaction rate (> 90%).
8 Nonetheless, EC-IC bypass surgery is not routinely used for the treatment of symptomatic COICA patients as it continues to lack correlation with long-term enhanced functional status. The failure of bypass to show benefit in the study by Kanamaru et al. was largely due to the increased risk of neurological adverse events in the periprocedural period in the surgical arm compared to the medical arm. 8 In our present study, there were no permanent adverse neurological outcomes from the procedure, demonstrating its safety and potential efficacy. However, a larger number of patients must be studied. Therefore, a possible intervention for this subgroup of high-risk subjects, who fail maximal medical therapy, is recanalization of the COICA using endovascular techniques to restore adequate cerebral blood flow and reduce episodic or permanent neurological deficits. Currently, there are a few reports documenting the feasibility and safety of this approach, and most are from Asian institutions. 2, 4, 6, [8] [9] [10] [11] 13, 21, 22 In the present study, 20/31 (64.52%) patients had subjectively reported improvement in their neurological symptoms at the 2-6 months' follow-up. Although the subjective improvement alone should not be used to assess the clinical success of this procedure since the majority of stroke symptoms improve over time, the combination of this subjective improvement together with the documented revascularization on DSA and the absence of recurrent stroke or TIA points toward the effectiveness of this intervention when revascularization is achieved. However, a longer follow-up is needed to draw definitive conclusions.
The majority of symptoms of the ischemic changes (stroke, TIA, and/or amaurosis fugax) associated with COICA are attributable to a compromise in the compensated ipsilateral hemodynamics. Autoregulation of the brain attempts to compensate for the decreased cerebral blood flow in the ipsilateral territory supplied by the COICA by increasing the systemic SBP. Changes in position (orthostatic hypotension), decreased blood volume due to dehydration, artificial decrease in SBP with the use of antihypertensive medication, and decreased SBP secondary to the induction of general anesthesia are a few examples of conditions that could compromise the compensated hemodynamics in the ipsilateral territory of COICA. Therefore, the majority of patients with COICA have baseline chronic hypertension. Endovascular revascularization in these subjects supposedly restores cerebral blood flow to these territories. This may obviate the need to increase SBP to compensate for the hemodynamic compromise secondary to COICA. This may explain why a large percentage (80.95%) of our patients with successful revascularization had a statistically significant decrease in SBP postoperatively, which was maintained at follow-up, while remaining on their preoperative dose (in some patients, the dosage had to be decreased to prevent hypotension). Careful and strict monitoring of SBP in the perioperative period is crucial. Avoiding a significant decrease in SBP during general anesthesia for this procedure is a must in order to avoid potential compromise of the compensated hemodynamics leading to the dreadful to ischemic changes and acute ischemic deficits (case 5). In case 5, one would not know if the ischemic changes were due to procedural complications or hemodynamic changes. Therefore, we attempt to perform all our procedures while patients are awake to avoid the dreaded decrease in SBP on induction of general anesthesia and to have stricter control of the hemodynamic status of our patients. Once successful revascularization is achieved, strict blood pressure control (keeping SBP ≤ 120 mm Hg) should prevent reperfusion injury (or normal perfusion pressure breakthrough) in the chronically dilated vessels that have lost their ability to autoregulate, resulting in hemorrhagic complications (cases 1 and 2). Finally, 
